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WIRE WORK. 





INSPECTION AND CARE OF WIRES. 


As in all airplane work, care must be exercised at all times in the 
construction and upkeep of the wire work on the plane. All wires 
should be inspected after each flight and any piece of stranded flex- 
ible cable with broken strands, rust spots, kinks, or distortions of any 
kind should be replaced at once. The extra flexible cable, known as 
control cable, should be noticed especially, as the pulleys cause extra 
wear on them. Hard-drawn steel wire should never be bent but 
once, and its surface should not be cut or marred. 

Accuracy in measuring is absolutely essential in replacing old 
wires. The cable should be of such a length that all threads at each 
end of the turnbuckle are covered, but a variation of two threads is 
permissible. No work should be passed as ‘‘good enough”’ but must 
be absolutely right. As it may be extremely important to repair a 
wire in a short time, practice is given the mechanics in replacing a 
cable as quickly as is consistent with the best of workmanship. Be- 
fore making up wires, always cut out any place which has had a kink 
init. Never straighten out a kink. Wire running over a pulley is 


being bent and, due to this constant bending and straightening out, 


the strands gradually break. Hard-drawn wire is often called piano 
wire. : 
TOOLS USED. 

The list of tools necessary for this work consists of a 1-quart blow 
torch, one 2-pound soldering iron, one 12-inch file, one 4-inch cold 
chisel, one 2-pound ball peen hammer, one pair of combination pliers, 
one pair of heavy end cutters, one 12-inch scale. These tools must 
be kept in good condition at all times, especially the soldering iron. 


MATERIALS. 


The wire used for cables is of the best grade of steel. There are 
three principal types of cable or wire used on an airplane—the hard 
cable, flexible cable, and hard-drawn wire. ‘These are selected for 
their different uses with reference to giving the greatest strength 
combined with the least weight. The flexible hard-stranded cable is 
used for landing and flying wires, the landing-gear and engine section 
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6 AIRPLANE WIRE WORK. 


stays (as on Curtiss JN—4), and, the extra flexible cable is used for all 
control purposes, where it has to bend over pulleys and pass through 
fair leads. These control cables are much more flexible than the 
stranded cable used for stays and the mechanic must be careful not 
to use this stay cable for controls, as it is too hard, and frays rapidly 
at the pulleys and wheel. A stranded cable is used in preference to 
a steel rod because it will absorb vibration better; it is not so easily 
crystallized; defects are more easily found, and it will stretch con- 
siderably before breaking. Hard-drawn wire (piano wire) is used in 
such places as are not readily accessible for adjustment, as in the 
wing bracing and fuselage body. One of its chief advantages is that 
it will stretch very little. | 

Alignment of the fuselage depends on the wires keeping their ac- 
tual length, and this is where the hard wire is particularly used. The 
kinds of wire used for wrapping are copper, brass, or soft steel tinned 
wire, the most common size being Nos. 18 to 22 gauge. Tor soldering, 
the “half-and-half” is generally used. This is known as soft solder 
and consists of 50 per cent lead and 50 per cent tin. For heavy work 
a hard solder may be used. This is 60 per cent tin and 40 per cent 
lead. It makes a stronger joint but requires more heat to melt it. 
Experience _has proved cut acid to be the most satisfactory flux. 
Noncorrosive paste works satisfactorily when working with new wire 
which is not oxidized or rusted. It has little cleansing effect when 
working with old wire. As a large part of the wire work in actual 
field service consists in the use of slightly oxidized and salvaged wire, 
the acid makes a much better flux. After its use, the loop should be 
dipped into a solution of salsoda to neutralize the effects of the acid, 
and prevent its rusting the wire. This solution should consist of 
5 pounds of common salsoda dissolved in 40 gallons of water and 
stirred thoroughly. 7 


THE BLOW TORCH. 


In filling the blow torch, never fill it more than two-thirds full: 
With the valve on the pump open, pump pressure lightly and allow 
generating cup to fill with gasoline. Close the valve and light the 
gasoline in the cup. When this is nearly burned up, slowly turn on 
the valve controlling the gasoline until the proper blue flame is 
reached. Do not allow fire to burn over and around sides of the 
pot. When shutting off the blow torch, care must be taken not 
to shut off the valve too tight, as it is easy to injure the needle valve 
controlling the supply of gasoline. This precaution must be taken 
or the valve seat will be injured. 
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AIRPLANE WIRE WORK. 7 
SOLDERING IRONS. 


All soldering irons must be well “tinned” in order to do clean, 
strong, satisfactory work. Copper is used because it retains its heat 
well, but has been called ‘soldering iron” through long usage. If 
the point of the iron is too blunt for fine work, it may be heated and 
drawn out with a hammer to the desired shape. To tin a soldering 
iron, first heat it hot enough so that it can be cleaned by filing and 
still retain enough heat to be tinned thoroughly in one operation; 


then place it on a board such as used for soldering; apply paste while | 


turning the iron over in solder until it is evenly coated. It is then 
“tinned;” that is, a drop of solder will now stick on the iron. This 
it will not do on the bare copper. It is very easy to burn the “tin” 
off by heating the iron too hot. If this happens, or if the iron be- 
comes dirty, file again and repeat the above process. Keep the iron 
clean and well ‘‘tinned”’ at all times. 


CARE IN HANDLING CABLE. 


Before cutting a cable, it is necessary to wrap it with soft iron 
wire, or solder the strands on each side of the place where it is 
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Lefore wrapping 


FIGURE 1.—Thimble; (a) side view, (6) end view, (c) perspective. 


to be cut. This will prevent the strands from unraveling. The 
cables are intended to withstand a great stress. Their strength is 
seriously weakened when the strands are allowed to “‘bird cage” or 
loosen up, or when they are flattened out by gripping too tightly in 
the vise jaws. Therefore, care must be taken to see that the cable 
is not squashed out in the vise. 


PREPARING LOOP FOR WRAPPING. 


In making up the cable ends into a loop which can be fastened to 
the metal fittings made for this purpose, place a thimble on the 
cable 7 or 8 inches from the end. The thimble is shown in figure 1, 
(a), (b), (c). Be sure to leave a little more than is necessary for the 
wrap. Bend the cable tightly around the thimble. 

The size of the loop depends upon the place in which it is to be 
used, the length being twice as long as the width. There should be 
enough overlap to the cable to permit grasping it, when put in the 
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FIGURE 3. 
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SOLDERING CABLE BEFORE WRAPPING 


FIGURE 4. 
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FIGURE 5.—Method of gripping cable in vise. 
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AIRPLANE WIRE WORK. 9 


vise. Next bend back the points of the thimble about 45° as shown | 
in figure 3. PE 
~ It is a good idea to wrap a few turns of wrapping wire around the 
cable and thimble to prevent the latter from dropping out. (Fig. 2.) : 
Next bring both wires together and clasp them tightly in the vise, 
being sure to pull them up to the points of the thimble, as shown in 
figure 4. Then solder the two wires together in such a way that 4 
the solder will not interfere with the wrapping, using enough solder 
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FIGURE 6.—Method of holding cable in vise for soldering. 


to tin them thoroughly, and hold them together until they can be | 

wrapped. (Fig. 5.) | | : 
Then the short end of lap-over should be tampered at the correct 

point in order to make it streamline down to the main cable, and 

also to make it possible to wrap the joint smoothly. The length 

of the wrap is estimated roughly as sixteen times the diameter of the 

cable used. For tapering, use a cold chisel or heavy end cutter. 


Sometimes it is done by picking out and cutting off one strand at a 
time. 7 
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10 AIRPLANE WIRE WORK. 
WRAPPING THE LOOP. 


Yo wrap, pass the wrapping wire through the loop at the point 
of the thimble using between 7 and 12 feet of wire, and bringing the 
ends of the wrapping wire even. (Fig. 6.) Wrap the wire double; 
that is, carry the two lengths of wire around the cable in one opera- 
tion, continuing this until the wrap has been made over the taper 
end for a short distance on the cable proper, about 4 to 4 inch. 
It is customary to wrap for a distance of about 2 to 1 inch from the 
points of thimbles; leave a space for inspection of about 1% inch; 
wrap 1 inch; space again and then finish off over the taper as shown 
in figure 7. Be sure to bend thimble points down over the wrap 
before soldering. Do not make inspection space near heel of wrap. 
If this loop and wrap is properly made, the full strength of the wire 
or cable can be counted on. It is safer to figure the loop at not 
more than 85 per cent of the strength of the cable. 





FIGURE 7.—Inspection points in wire wrap. 


| SECOND METHOD OF WRAPPING. 


There is another way of making the above wrap by fastening the 
loop in the vise at the base of the splice having the thimble end pro- 
jecting from the vise. Take enough wrapping wire to make the 
wrap, and wrap with a single length only, beginning about 14 inch 
from the taper and wrapping up towards the thimble. The same 
spaces or inspection gaps should be made when using this method 
as when using the first method. Finish the wrap up under the points 
of the thimble and then bend these points down over the wrapping. 
The other end is then wrapped around wire to end of wrap and term- 
inated as before. The joint is now ready for soldering. 


EMERGENCY WRAP WITHOUT THIMBLE. 


_ Figure 8 shows a wrap which is often made without a thimble for 
emergency purposes, and the procedure is the same with the excep- 
tion of the loop itself. To take the place of the thimble, the loop 
or eye is wrapped just like the joint until there is sufficient wire 
around the cable to conform with the size of the thimble that would 


ordinarily be used. » 


AIRPLANE WIRE WORK. 11 
METHOD OF SOLDERING. 


- The method used in soldering is called “puddling” and consists of 
melting enough solder on a clean, flat-surfaced board to cover the 
entire joint. Before applying the solder, cover the loop and wrapped 
joint with flux and place it in the puddle. Draw the soldering 


6108" Approx 2% Dependson, F 
size of cable | 






: Wrap each direction from middle 
before cutting off Make erds of wire equal length 


in place of thimble. 


FIGURE 8.—Emergency wrap. Wrapping wire wrapped around loop 





- FIGURE 9.—Puddling. - 


iron over the joint until the solder is thoroughly sweated through 
the entire loop. (Fig. 9.) Be careful that the soldering iron does 
not get too hot, because it will burn the solder, and while the 
joint might look all right, it would not have the required strength. 
On the other hand, if the iron is not hot enough the solder has a peb- 
bly appearance and the solder will not work in between the wires. 
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After the soldering operation is completed the effects of the paste 
should be removed. This may be done by wiping the loop off with a 
cloth while the solder is still hot. After this operation, oil or grease 
the wire thoroughly. Never place a wire in the flame of a blow 
torch. This anneals the wire and weakens it seriously. © 


NECESSITY OF PRACTICE. 


The mechanic should practice making the cable ends with and 
without thimbles, using both the hard and flexible cable until they 
‘can be made well enough to pass for actual field use and until they 
can be made rapidly to a certain length without variation. 





FIGuRE 10.—Bend hard wire around bolt held in FIGURE 11.—Make shoulder in one wire. Use two 
vise. bolts close together. 


Q 


FIGURE 12.—Make similar shoulder in other end. FIGURE 13.—Bring shoulders together by pinching 
Be careful to make shoulders symmetrical. up eye of loop. 


HARD WIRE LOOP. 


The hard wire loop or eye is made with round nose pliers or around 
two bolts placed in a vise. The two bolts may be of equal diameter 
and somewhat smaller than the size of the eye which is desired. 
_ Place them together in the vise so that a wire may be just placed be- 
tween them. Bend the wire around one bolt and then in the reverse 
direction, forming the two shoulders. The size of the eye depends 
on the size of the pin or turnbuckle which is to be used. Make it 
as small as possible, which reduces the tendency for the eye to elon- 
gate when under strain. The eye should be round, with the shoulders 
not too angular. 7 
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a THE FERRULE. 


The ferrule is made from the same size wire that it is to be used on, 
the various operations being shown in figure 14. Place two short 
pieces of wire within the jaws of the vise, together with the main 
wire which is to be wrapped around them; this is to be used as the 
ferrule and should be bent down flat to the vise. Next give the two 
short wires one complete twist in the direction of the wrap, leaving 
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Completed Ferruse 


Mot?) Ng Ferruse FIGURE 14.—Making ferrule. 
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Hard Wire 1 OOP with Ferrule 


FIGURE 16.—Completed hard-wire loop with ferrule, and pin in 
position. 


them sticking up about 4 inches above the 
vise. ‘This twist is for the purpose of doing 
away with the natural twist which comes 
FiguRE 15.—(a) Put ferrule in place to the ferrule when it is being wound. 
tight against shoulder. (b) Bend Grasp the long wire and wrap around the 
Beers Gociactiont other two tightly until there are ten or more 
complete wraps; file the end off smooth. 
In wrapping, it is important that the same pull or tension be main- 
tained on the wire for the entire number of turns, as this will prevent 
the ferrule from becoming twisted. 

Slip the completed ferrule up on the eye as tight as possible (fig. 
15), bending the short end up along the ferrule snugly and cutting 
this off the fourth wrap from the end (fig. 16). 

Now solder the entire joint as in the other work, by puddling. 
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EMERGENCY HARD-WIRE WRAP. my 


The hard wire can also be made up into an emergency field wrap 
by forming the eye and allowing a wrap of about thirty times the 
diameter of the wire, instead of using a ferrule. (Fig. 17.) It is 
soldered in the same way as the other wraps. The sizes of hard- 
drawn wire most commonly used are 9, 10, 12, 14, and 16 gauge. 








_ Approx. 30 times dia of wire 


(2 con coco — 


inspection Gap 








_ FIGURE 17..-Emergency hard-wire wrap. 
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PROPERTIES OF WIRE. 


The flexible cable used for controls is made up of seven strands 
of wire twisted together in clockwise rotation. Each of these 7 
strands is in turn made up of 19 strands twisted together in anti- 
clockwise rotation. This steel is of the best quality made by the 
acid open-hearth process. 


Table of sizes, weights, and strength of extra flexible cable. 


[Used for controls.] 





Approxi- 
mate 
Diameter. | Strength. weight 
per 100 
| feet 

| 

| 
Inch. | Pownds. Pounds 
vs | 9, 800 WAL 
sr 8, 000 14. 56 
yy 7, 000 12. 00 
ay 5, 600 9. 50 
by 4, 200 6. 47 
or 2, 800 4. 44 
XK 2, 000 2. 88 





The hard cable is made of 19 strands woven together. It is used 
for landing and flying wires, stagger wires, and landing gear bracing 
_wires. This cable is not nearly as flexible as the control cable. It 
is much stronger and has to stand greater stresses. 
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Table of sizes, weights, and strength of hard cable. 


[Used for landing and flying wires, etc.]} 











Approxi- 
mate 
Diameter. | Strength. | weight 
| per 100 
feet. 
| a 
Inch Pounds Pounds. 
ae 12, 500 20. 65 
\y 8, 000 13.30 
ve 6,100 | 10.09 
| ae 4,600 | 7.70 
a 35200 | —-5550 
yy [=O 100.- =| 3.50 
oes | 1, 600 | 2.60 | 
sy 1, 100 1.75 
er 780 ]. 21 
ts | 500 18 


Hard-drawn wire is used in different parts of the airplane such as 
the fuselage, wing-bracing wires, and supports for the control sur- 
faces. It is stronger for its weight than the stranded cable, but 
if slightly indented or bent will break easily. It is therefore used 
in unexposed places. 


Collar. Lock nut, /Yickel steel harden 


ie 


| nia ed te es | 


Flattened space for wrench 





FIGuRE 18.—Drawn-steel tie-rods are now used in battle-plane construction. 


Table of sizes, weights, and strength of hard-drawn wire. 


[Piano wire used for fuselage, etc.] 








Weight Tensile 











American wire gauge (B-S). Diameter. per 100 |strength per 
feet. square inch. 

: Inch. Pounds. Pounds. 
Deseo SS eens a acs ee ee Le Se ae nec 0). 162 7.01 219, 000 
is DS GS es RR IE Sato a RE Oe Se eh . 129 4. 40 233, 000 
Wn SEG BAe Nee soe GaSe sepia cea ee ge re em lo . 102 2.77 244, 000 
WAS S ort DGS SES acs Se ES Se ec aE ea ae NNR . 081 1.74 252, 000 
Aer eer en sat ae pe Lal Naren oe So pe eee . 064 1.09 258, 000 
LG Peete tee en ee ne pe CREE ee De Ses ee -051 . 69 264, 000 
LS orcs Soe SE Rs et SA CO i ee rca . 040 43 270, 000 
Osea nioe re es Sc a or SOO ORT oa Bee ee) . 032 27 280, 000 

TURNBUCKLES. 


Turnbuckles consist of a barrel and two shanks. The barrels are 
made of Tobin bronze and the shanks are made of nickel steel. The 
barrel is hollow and threaded, the eye and yoke ends of turnbuckles 
being threaded with right and left-hand threads so that by turning 
the barrel, both ends are drawn up. The yoke or shackle end is 
generally cut with a right-hand thread. The turnbuckle used should 
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be stronger than the cable it is used with. The following table 
gives the size of turnbuckles and the strength in pounds: 


Size of cable of nearest 





equal strength. 

No. Stroneth2|:aee seamen oer 

Size. Strength. 

Pounds. Inch. Pounds. 
Fhe a Se a aA A tv 500 oe 500 
Dh as OL NS EL IS SIN RS i hea 5 a 1,000 er 780 
re ge ate vt ea Ane ait eigaes ae EERE ET Sa ais Ste 1,500 gs 1,100 
Yipee ees eT ere LE Sine Fee ee 2,000 ge 1,600 
LF RS eS OR Se Oe Ok 9 la ea Ae ne Re a 2,500 \y 2,100 
(EES OCS ie as Ren eS he PR er I a a aE 3,000 Ky 2,100 
Gg wn aR Re EN Tica a = AE 3,500 oy 3,200 
Go ee ence eee elt ho hs ee seep err Ne el ab deers 4,000 bs 3,200 
0) Sy RS Se oS ae a A a 4,500 | 35 3,200 
|| een ei ater Corgi at tar eS = Lk ae eee eee ce 5,000 air 4,600 
The oo SRS SS cS ip Sar oe a te 6,000 “fy 4,600 
i) Page eestor othe cee eh etic ee 7,000 | = 6,100 
TSS op a gS a Ee sR ST Ge eS SR 8,000 | A 8,000 











EYE | BARREL FORK 


FIGURE 19.—Turnbuckle. 
METHODS OF MEASURING WIRES. 


In measuring a wire to be placed on a ship it is always a good plan 
to study the blue print and find exactly what system is used. Some 
firms give measurements from center of clevis pin to center of clevis 
pin. Some firms measure from outside of loop to outside of loop, 
and others from outside of thimble hole to outside of thimble hole. 
Often all three measurements, or two of them, may be given, and this 
will be designated by letters A, B, or C. Wire measurements are 
rarely given on the print, but the wires are given a certain letter. 
These are all put in a tabulated list on a-special drawing and can be 
referred to from that print. 


WIRE STRETCH. 


The stretch of cables must be taken into consideration when making 
a new one. A new cable is often measured directly from the old 
sample, which may have stretched considerably. Instances have 
been known where wires were stretched in bad landings an inch or 


more. From this, one concludes that new cables should be slightly 


smaller than the regular measurement and should never be measured 
directly from the old cable unless it is known to be of correct 
length. 
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REPLACING CONTROL GABLES. 


When replacing control cables, measurements should always be 
and the control surface in 
neutral. Measure the wire with the turnbuckle threads barely 
covered. Then as a matter of precaution always oil a new cable 
to keep it from rusting. Aileron control wires on instruction planes 
should be measured so that a spoke in the wheel, if ‘‘Dep. control,”’ 


is vertical to the axis of the wings. If this is impossible, make a 


sight mark on the wheel, which will be in a vertical position when 


the ailerons are neutral. A student then can judge when his ailerons 
are neutral by looking at the wheel. 


CABLE SPLICES. 


Flexible control cables are sometimes spliced at the factory, where 
they have expert men to doit. As it requires a good deal of experi- 
ence to make proper splices, it is not generally done at the field. 


Flexible control cable splice. 


SS 





: _.~ | Number | Number Full 
2 penete of | wires per pene o engin of A. | strength of 
Otcable. | strands. | strand. pace: 8. cable. 

Inch. Inches. Inches. Inch. Pound4ds. 

mas ea aera 14 1 VY 800 
ly 7 19 14 | 15 2,000 
2 ed 19 134 iy | i; 2, 800 
vs 7 19 1% 14 34 4,200 
a5 4 19 25% 14 34 5,600 
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